There is considerable interest in the possibility that small-molecule glycogen synthase kinase-3 inhibitors may have utility in the treatment of bipolar disorder, since glycogen synthase kinase-3 is a target of lithium. Although the in vitro inhibition of glycogen synthase kinase-3 by lithium occurs with a K i of 1-2 mM, the degree of inhibition of this enzyme in the mammalian brain at therapeutically relevant concentrations has not fully been established. The transcription factor b-catenin is an established marker of glycogen synthase kinase-3 inactivation because cytoplasmic levels are increased by inhibition of the enzyme. In this study, we measured b-catenin protein levels after treatment with therapeutically relevant doses of lithium, valproate, and carbamazepine. Western blot revealed that 9 days of treatment with lithium and valproate, but not carbamazepine, increased b-catenin protein levels in soluble fractions from the frontal cortex. The level of b-catenin in the particulate fraction, which is not directly regulated by glycogen synthase kinase-3, did not change with any of the three drugs. Furthermore, real-time PCR revealed that lithium significantly decreased b-catenin mRNA levels, which may represent compensation for an increase in b-catenin stability. These results strongly suggest that lithium significantly inhibits brain glycogen synthase kinase-3 in vivo at concentrations relevant for the treatment of bipolar disorder.
INTRODUCTION
Lithium is the most well-established treatment for the manic phase of bipolar disorder. However, in spite of the clinical utility of this drug, the precise mechanism by which it exerts its therapeutic effects remains unknown . Lithium is documented to have some degree of inhibition of a number of enzymes (Davies et al, 2000) , through competition for magnesium (Amari et al, 1999b; Gurvich and Klein, 2002; Ryves and Harwood, 2001; York et al, 1995) . However, only a few are significantly inhibited at therapeutic concentrations (0.5-1.2 mM) Phiel and Klein, 2001; Shaldubina et al, 2001) . In mammalian systems, lithiumFat therapeutically relevant concentrationsFinhibits a group of at least four related phosphomonoesterases (inositol polyphosphate 1-phosphatase (IPPase), inositol monophosphate phosphatase (IMPase), fructose 1,6-bisphosphatase 1-phosphatase (FBPase), and bisphosphate nucleotidase (BPNase)) (York et al, 1995) , the metabolic enzyme phosphoglucomutase (PGM) (Masuda et al, 2001; Ray et al, 1978; Rhyu et al, 1984) , and glycogen synthase kinase-3 (GSK-3) (Klein and Melton, 1996; Stambolic et al, 1996) . Furthermore, in view of the critical role of protein phosphorylation in the central nervous system (CNS), investigators have studied lithium's effects on a variety of protein kinases; interestingly, lithium has a major direct effect on GSK-3 activity, but no other kinases investigated (Davies et al, 2000; Klein and Melton, 1996; Stambolic et al, 1996) .
A number of signaling pathways regulate GSK-3 function. For example, protein kinases including Akt, p70 S6 kinase, Rsk, protein kinase C (PKC), and cAMP-dependent protein kinase (PKA) deactivate GSK-3 by phosphorylation of an inhibitory serine site Doble and Woodgett, 2003; Grimes and Jope, 2001 ). GSK-3 has a large number of targets within the cell Grimes and Jope, 2001) . The effects of GSK-3 on transcription factors such as c-Jun, heat shock factor-1 (HSF-1), and nuclear factor of activated T cells (NFAT) are particularly noteworthy, and have drawn considerable interest Grimes and Jope, 2001) . Generally, GSK-3 activity results in suppression of the activity of transcription. Conversely, inhibition of GSK-3 appears to activate these transcription factors (Grimes and Jope, 2001 ). Thus, GSK-3 is well positioned to integrate signals from multiple, diverse, signaling pathways, a function that is undoubtedly critical in the CNS. It is this position that has attracted the attention of the clinical neuroscience community. It is hypothesized that GSK-3's modulatory position in the cell allows it to be a critical regulator of many of the plastic processes that are thought to underlie the therapeutic effects of lithium Gurvich and Klein, 2002) .
GSK-3 is also a critical regulator of the Wnt signaling pathway. Wnt secreted glycoproteins bind to the frizzled family of extracellular receptors, resulting in a signal that is transduced via an intracellular protein, disheveled. Signaling through disheveled results in inhibition of GSK-3 (Wodarz and Nusse, 1998) . GSK-3's target in the Wnt pathway is b-catenin, which is found in two functional reservoirs within the cellFa cytoplasmic and a membraneassociated pool. The cytoplasmic pool functions as a transcription factor that translocates to the nucleus, and is involved in transmitting the Wnt signal in combination with transcription factors belonging to T-cell factor (tcf)/ lymphoid enhancing factor (lef) family. The membraneassociated pool interacts with cadherin on the cell surface. Phosphorylation of cytoplasmic b-catenin by GSK-3 leads to ubiquitin-dependent degradation (Peifer and Polakis, 2000; Sharpe et al, 2001) . Thus, inhibition of GSK-3 prevents phosphorylation, and subsequent degradation of b-catenin. Cytosolic b-catenin is therefore often used as an in vivo marker of GSK-3 activity.
Lithium has clearly been demonstrated to inhibit GSK-3 in vitro at concentrations approximating those attained in plasma clinically (Klein and Melton, 1996; Stambolic et al, 1996) . The K i for lithium's inhibition of GSK-3 was initially reported by two laboratories as 2 mM (Klein and Melton, 1996) , or between 1 and 2 mM (Stambolic et al, 1996) . Lithium appears to inhibit GSK-3 through competition for magnesium (Gurvich and Klein, 2002; Ryves and Harwood, 2001 ) and the afore-mentioned studies estimated lithium's ability to inhibit GSK-3 in the presence of 10 mM magnesium. While brain intracellular magnesium concentrations are not precisely known, they are estimated to be between 0.2 and 1.2 mM (Amari et al, 1999a; Brocard et al, 1993; Gee et al, 2001; Gotoh et al, 1999; Li-Smerin et al, 2001) , suggesting that the concentration of lithium required to significantly inhibit GSK-3's enzymatic activity in the brain is considerably lower than 1-2 mM. Furthermore, studies suggest that acute doses of lithium inhibit GSK-3-mediated phosphorylation of tau in the 7-day-old rat brain (Elyaman et al, 2002; Munoz-Montano et al, 1997) and in the brain of starved mice (Planel et al, 2001) . However, studies showing that a similar inhibition of lithium occurs in the adult mammalian brain in vivo at therapeutically relevant concentrations and time frame are lacking. These studies are clearly necessary to establish prior to ascribing therapeutic relevance in the treatment of bipolar disorder, and undertaking trials of selective GSK-3 inhibitors in the disease. Lithium has also been shown to increase phosphorylation of GSK-3b (Bhat et al, 2000; De Sarno et al, 2002; Lee et al, 2003) and a (Chalecka-Franaszek and Chuang, 1999) at their respective inhibitory serine sites. Since GSK-3 activity toward b-catenin in the Wnt pathway is not modulated by phosphorylation (Ding et al, 2000; Yuan et al, 1999a) , b-catenin is an excellent target to attempt to separate this effect of lithium from a direct inhibitory effect. In order to determine if lithium inhibits GSK-3 in vivo, at concentrations relevant for the treatment of bipolar disorder, we treated rats with lithium, in addition to the structurally distinct mood stabilizers valproate and carbamazepine, utilizing cytosolic b-catenin as a marker of in vivo GSK-3 activity.
MATERIALS AND METHODS

Animals
All animal treatments, procedures, and care were approved by the NIMH Animal Care and Use Committee and followed the Guide for the Care and Use of Laboratory Animals (ISBN 0-309-05377-3). Male Wistar Kyoto rats 7-8 weeks of age from Harlan (Indianapolis, IN) were housed 2-3 per cage in a 12 h light/dark cycle with free access to water and food. Rat chow was custom produced by Bio-Serve (Frenchtown, NJ). Chows containing the drugs, and control chow were identical with the exception of the added drug, and were produced at both a 'low' and 'normal' concentration for each drug (lithium carbonate, 1.2 and 2.4 g/kg; sodium valproate, 10 and 20 g/kg; carbamazepine, 2.5 and 5 g/kg). The dose of lithium is that previously used by our group (Yuan et al, 1999b) . Valproate doses were arrived at within our group by testing various doses. The carbamazepine dose has been used successfully by other groups (Lee et al, 2000; . Owing to the differences in metabolism between rats and humans, the ratios of carbamazepine and carbamazepine 10,11 epoxide (a primary carbamazepine metabolite) are reversed between the species (Marangos et al, 1985) . However, both forms appear to be similarly active in the CNS . Rats were treated for 9 days because this time frame is generally that required for the initial therapeutic effects for the clinical treatment of mania in humans. Similar to the treatment approach used in humans, rats were first treated for 2 days with 1/2 dose chow to minimize adverse effects; following this acclimatization period, the rats were treated for an additional 7 days with the full dose of the drug. In each group, 12 rats were treated with control, lithium, valproate, or carbamazepine chows and used for the protein analysis. A second set of 11 rats in each group treated with control, lithium, and valproate chow was used for the mRNA extraction experiments. All animals were provided with a second water bottle containing normal saline and daily bedding changes due to polyuria, a side effect of lithium treatment. All rats were weighed and then killed by decapitation in the morning between 0900 and 1200. A side effect of treatment with these drugs is that rats undergoing treatment do not gain as much weight as nontreated animals. As expected, rat weights following treatment were significantly lower for all drug treatments compared to control treated animals. Weights of the animals utilized for the protein studies were: control 265 7 19.8 g; lithium 227 7 23.0 g; valproate 241 7 21.3 g; carbamazepine 237 7 12.0 g. Weights for the mRNA studies were: control 245 7 15.4 g; lithium 202 7 12.5 g; valproate 197 7 13.8 g. Trunk blood was collected for analysis of drug levels. Drug serum levels were performed by Medtox laboratories (St Paul, MN) and were found to be within the therapeutic range. For the protein level experiments, serum blood levels were 0.80 7 0.18 mEq/l, 56.8 7 39.2 mg/ml, and 3.80 7 0.654/ 15.0 7 2.19 mg/ml for lithium, valproate, and carbamazepine (carbamazepine/carbamazepine 10,11 epoxide) treatment, respectively. For the mRNA extraction experiments, blood levels were 0.77 7 0.14 mEq/l and 77.7 7 25.3 mg/ml, for lithium and valproate, respectively. It should be noted that valproate is rapidly metabolized in the rat, and there exists a wide degree of variation (the values vary day-to-day and hour-to-hour); this accounts for the wide variability in serum valproate levels, which has also been observed in other studies. Animals were killedFand the tissue subsequently processedFin groups (ie a group containing control, lithium, valproate, and carbamazepine chow treated rats). Frontal cortex, region anterior to white matter, and hippocampus were dissected immediately following decapitation. Brain specimens were then rapidly frozen in liquid nitrogen and stored at À801C until further analyses.
Protein Extraction and Analysis
The frontal cortex and hippocampus samples were homogenized in a hypotonic protein extraction buffer containing a protease inhibitor cocktail (SIGMA), and phosphatase inhibitor cocktails (I and II; SIGMA) by passing through a 21-gauge needle three times, followed by passing through a 25-gauge needle seven times. The homogenates were then centrifuged at 300g for 12 min at 41C to remove nondissolved debris and nuclear portions. The particulate (representing largely membrane) and soluble (representing largely cytoplasmic) fractions were then separated by centrifugation at 17 000g for 20 min at 41C. Protein concentrations were determined using the Bio-Rad protein assay kit (Bradford, 1976) . The linearity of the protein concentration for immunoblotting was ascertained by resolution of selected concentrations of protein.
Subsequent protein immunoblotting was performed using previously described methods (Yuan et al, 2001) . In brief, samples were subjected to SDS-PAGE on 8% gels. The amount of protein loaded was 0.375 mg per lane. Proteins thus resolved were then electrophoretically transferred to nitrocellulose membranes. Nonspecific binding on the nitrocellulose was blocked with TBST, 5% nonfat dry milk, and then incubated with monoclonal b-catenin antibodies (BD Transduction Laboratories catalog # 610154, San Jose, CA), which recognize a distinct band at approximately 92 kDa. The antibodies for immunoblots were diluted 1 : 500, as per the manufacturer's recommendation. After blotting with secondary antibody (anti-mouse IgG; Cell Signaling Technology # 7076, Beverly, MA), diluted 1 : 2000, the immunocomplex was detected with the ECL plus kit (Amersham Biosciences, Piscataway, NJ) and BioMax MR scientific imaging film (Kodak; New Haven, CT). Quantification of the immunoblots was performed by densitometric scanning of the film using a Kodak Image Station 440 CF and Kodak 1D Image Analysis Software. Samples were normalized to the control animals within each group. Statistical analysis was performed by repeated measure analysis of variance followed by post hoc analysis (Student-Newman-Keuls). Significance was defined as po0.05. Data are expressed as the mean 7 standard error.
mRNA Extraction and Analysis
Cortex samples were homogenized in Trizole reagent (Gibco BRL, Rockville, MD) using 10 passes through a 21-gauge needle followed by 10 passes through a 25-gauge needle. Samples were subsequently incubated at À801C for 1.5 h to increase yield, followed by chloroform extraction, isolation using RNAeasy midi columns (Qiagen, Valencia, CA) and concentrated by means of Microcon YM-100 centrifugation filters (Millipore, Bedford, MA). The concentration and purity of mRNA was confirmed using 260/280 measurements followed by agarose gel visualization. Samples were subsequently stored at À801C.
cDNA was produced utilizing the TaqMan Gold (Applied Biosystems, Foster City, CA) RT-PCR kit. All RNA samples were reverse transcribed at the same time to reduce variation. Random hexamers transcribed cDNA from 0.2 mg of mRNA in a 100 ml reaction volume, which were then stored at À801C until used for real-time PCR analysis. A group of PCR primers was chosen based upon the rat bcatenin sequence (Suzui et al, 1999) . PCR was then used to ascertain the PCR efficiency, and to determine that the correct sequence was being amplified. PAGE-purified intron spanning PCR primers (Lofstrand Labs Limited, Gaithersburg, MD) subsequently chosen for real-time PCR analysis were of the following sequences: 5 0 -GTC-GAC-AAT-GGC-TAC-TCA-AGC-TG-3 0 and 5 0 -GAG-CTG-TGG-TGG-CAC-CAG-A-3 0 . 6-Carboxy-fluorescein (FAM) reporter Taqman probe with 6-carboxy-tetramethyl-rhodamine (TAMRA) quencher was based on Applied Biosystems suggested criteria, and thereafter synthesized by Applied Biosystems. The probe was of the following sequence: 5 0 -6-FAM-CTC-CAT-GGC-CAT-CTC-CAA-CTC-CAT-TAMRA-3 0 . Samples were repeated in quadruplicates, and the mean values used for subsequent statistical analysis. All real-time PCR reactions were performed using an Applied Biosystems Prism 7700 Sequence Detector. Reactions were performed in Applied Biosystems MicroAmp optical 96-well reaction plates (N801-0560) covered with MicroAmp optical caps (N801-0935) using the Applied Biosystems TaqMan PCR core reagent kit (N808-0228). Optimized PCR conditions were 501C for 2 min, 951C for 10 min, followed by 45 cycles of 951C for 15 s and 631C for 1 min. b-Catenin probe signal was normalized to a passive ROX reporter, thus developing a normalized reporter signal for a given reaction tube. Standard pools of defined relative concentration were utilized to develop a standard curve (Bustin, 2000) , on which experimental values were plotted using proprietary Applied Biosystems software.
Statistical analysis was performed by repeated measure analysis of variance. Reported values are a percent of the control mean. The Student-Newman-Keuls test was used for post hoc analysis. po0.05 was considered significant. Data are expressed as the mean 7 standard error. To ascertain if cDNA from our different treatment groups were amplified equally, Applied Biosystems Taqman Ribomal RNA Control Reagents (which contain primers specific for 18S ribosomal RNA and an internal probe that utilizes a VIC reporter/TAMRA quencher) were utilized. 18S reporter signal is also normalized to a passive ROX reporter. Manufacturer's recommendations for assay and PCR conditions were followed. There was no significant change in mRNA levels of the 18S ribosomal subunit among our samples.
RESULTS
Cytoplasmic b-catenin represents the pool that is regulated directly by glycogen synthase kinase; thus, inhibiting GSK-3 increases b-catenin levels. Rats were treated for 9 days with lithium, valproate, and carbamazepine yielding serum blood levels within the therapeutic range. A period of 9 days was chosen because this approximates the time frame for clinical response in the treatment of mania. ANOVA analysis of densitometry measurements of soluble (representing largely cytoplasmic) b-catenin levels in the frontal cortex revealed that there was a significant treatment effect (p ¼ 0.0003). Post hoc analysis revealed that both lithium and valproate treatment resulted in a significant increase in soluble b-catenin levels (po0.01). However, carbamazepine treatment was without effect (Figure 1 ). In the hippocampus, ANOVA analysis revealed a trend for a difference among groups (p ¼ 0.085) (Figure 1 ).
To determine if the b-catenin increase was specific for the soluble pool, particulate (representing largely membrane) levels of b-catenin in the frontal cortex and hippocampus of the same animals used for the analysis of soluble b-catenin were also analyzed. There was no significant difference among treatments in particulate levels of b-catenin in either the frontal cortex or the hippocampus (Figure 1 ). These results suggest that both lithium and valproate selectively regulate the b-catenin cytoplasmic pool (which acts as a transcription factor) in the rat brain, but do not affect the bcatenin that interacts with cadherin and is compartmentalized to the cell membrane.
The increase in soluble b-catenin could be due to either an increase in transcription of b-catenin or via a posttranscriptional mechanism (eg reduced protein degradation). We hypothesized that if the treatments were increasing b-catenin levels only through inhibition of GSK-3 (and thereby attenuating b-catenin protein degradation), b-catenin mRNA levels would not increase. By contrast, an increase in b-catenin mRNA levels would suggest that a transcriptional mechanism was also involved. To further delineate the mechanisms underlying the increases in b-catenin protein levels, a second set of rats were treated with lithium or valproate containing chows for 9 days, and real-time PCR was utilized to quantitate relative mRNA levels in the frontal cortex. ANOVA revealed that there was a significant difference among treatment groups (po0.0001). Post hoc analysis revealed that lithium treatment resulted in a significant decrease in b-catenin mRNA (po0.001), whereas valproate treatment did not produce significant changes in cortex b-catenin mRNA levels (Figure 2 ).
DISCUSSION
In this study, it was observed that in vivo treatment of rats with lithium or valproate for 9 days, at therapeutically relevant concentrations, results in a significant increase in the soluble (representing largely cytoplasm) fraction of bcatenin protein in the frontal cortex. By contrast, carbamazepine administration was without effect on b-catenin protein levels. Furthermore, particulate (representing largely membrane) levels of b-catenin from the same set of animals were not altered by treatment with any of the medications. To investigate more specifically the mechanisms by which these agents regulate b-catenin levels, bcatenin mRNA extracted from frontal cortex tissue of a second set of animals treated with lithium and valproate was analyzed. Consistent with a post-transcriptional mechanism of regulation (ie inhibition of protein degradation), real-time PCR did not demonstrate an increase in b-catenin mRNA, but rather revealed a small (B14%) but significant decrease in b-catenin mRNA in rats treated with lithium. Since lithium increased total protein levels of b-catenin in the cytoplasm, the b-catenin mRNA decrease may represent a compensatory adaptation to the post-transcriptional upregulation of b-catenin protein levels. These results for the first time identify b-catenin increase as a common effect of lithium and valproate in vivo. However, it appears that the two medications may act via nonidentical mechanisms to exert these actions.
While we utilized b-catenin primarily as a marker of GSK-3 activity, it is striking that two highly structurally dissimilar mood-stabilizing medications exert similar effects (at therapeutically relevant concentrations) on this important transcription factor (and final stage of the Wnt signaling pathway). However, our finding that carbamazepine did not increase cytosolic b-catenin levels suggests that an increase in b-catenin is not a common mechanism by which all mood stabilizers exert their actions. Cell culture and oncogenic studies suggest that increased b-catenin signaling may be involved in enhancing cell survival Hamilton et al, 1995; Huang et al, 2000; Koch et al, 2001) . Furthermore, upregulation of a stabilized form of b-catenin is sufficient to cause the formation of gyri and sulci in the developing mouse brain, a finding observed only in higher mammals, and suggestive of an important role in higher mammalian cognitive functions (Chenn and Walsh, 2002) . Another recent studyFconsistent with these resultsFreports that overexpression of GSK-3 in the neonatal mouse results in smaller overall brain volume (Spittaels et al, 2002) . However, it is not clear if this is due to decreasing b-catenin levels or to GSK-3's effect on another target. Nevertheless, the data in toto suggest that the upregulation of b-catenin may play a role in some of the neurotrophic effects of lithium and valproate .
Although both lithium and valproate regulate b-catenin levels, they may do so by nonidentical mechanisms. Our results strongly suggest that lithium produces a physiologically relevant inhibition of brain GSK-3 at therapeutic serum concentrations. Lithium has also been shown to increase phosphorylation of GSK-3b (Bhat et al, 2000; De Sarno et al, 2002; Lee et al, 2003) and a (Chalecka-Franaszek and Chuang, 1999) at their respective inhibitory serine sites. However, GSK-3 activity toward b-catenin is not affected by phosphorylation (Ding et al, 2000; Yuan et al, 1999a) . Thus, the finding that lithium increases GSK-3 phosphorylation at this phosphorylation site would not be expected to have inhibitory effects on the Wnt pathway, or to increase bcatenin levels. The mechanism by which the cell achieves separation of GSK-3's activity toward various substrates is not known for certain, but it is believed to involve sequestration to different areas of the cell and, at least in the case of the Wnt pathway, interaction within a large protein complex Doble and Woodgett, 2003) . While lithium appears to regulate the activity of GSK-3 directly, valproate's mechanisms are less clear (see for review .
A question that remains to be answered is how the regulation of b-catenin mRNA directs this protein to its two cellular pools (cytoplasmic and membrane). Our results Figure 1 Lithium and valproate increase soluble b-catenin levels in rat cortex, without any effect on particulate fractions. Rats were treated for 9 days with control, lithium, valproate, or carbamazepine chows. Soluble (representing largely cytoplasmic) and particulate (representing largely membrane) fractions were extracted from the cortex and hippocampus. The graphs represent densitometry levels of b-catenin protein in drug treated rats as a percentage of bcatenin in control chow treated animals. Box 1 shows a representative Western blot (1-A) and densitometric analysis (1-B) from the cortex soluble fractions. ANOVA revealed that there was a significant difference among the groups (p ¼ 0.0003). Student-Newman-Keuls post hoc analysis revealed that both lithium and valproate chows resulted in a significant increase in soluble b-catenin levels in the frontal cortex of 9-day treated animals when compared to control chow treated rats (lithium, po0.01; valproate, po0.01). Box 2 shows a representative Western blot (2-A) and densitometric analysis (2-B) from the hippocampal soluble fractions. ANOVA revealed that there was a trend toward a difference among the groups (p ¼ 0.085). Box 3 shows a representative Western blot (3-A) and densitometric analysis (3-B) from the cortex particulate fractions. ANOVA revealed that there was no significant difference among the groups (p ¼ 0.641). Box 4 shows a representative Western blot (4-A) and densitometric analysis (4-B) from the hippocampal soluble fractions. ANOVA revealed that there was no significant difference among the groups (p ¼ 0.131). ** po0.01.
suggest that a mechanism of differential regulation does occur. Indeed, in this study, lithium was able to decrease bcatenin mRNA levels without decreasing particulate (membrane) protein levels. It is currently unknown if the two pools are regulated by different splice variants, different promoters, or other targeting mechanisms, which direct subcellular compartmentalization of b-catenin.
Many pharmaceutical companies are actively developing small-molecule inhibitors of GSK-3. A number of drug compounds, including the general classes of hymenialdisines, paullones, indirubines, maleimides, and thiaziazolidiones, have been developed as potent and specific GSK-3 inhibitors Martinez et al, 2002) . Much of the emphasis for the development of GSK-3 inhibitors appears to be for the treatment of diabetes, Alzheimer's disease, stroke, and inflammation; GSK-3's role as a kinase that deactivates glycogen synthase may be useful in lowering blood sugar and treating diabetes, phosphorylation of tau by GSK-3 may advance the formation of neurofibrillary tanges, and GSK-3's general effects on apoptosis and regulation of nuclear factor-kB (NF-kB) may have utility for the treatment of stroke and inflammation Eldar-Finkelman, 2002; Frame and Cohen, 2001; Woodgett, 2001) . Based on accumulating evidence, including the data presented here, GSK-3 inhibitors are likely candidates for novel bipolar disorder treatments. Thus, we would suggest that smallmolecule, brain penetrant, GSK-3 inhibitors that are developed for these other disorders should also undergo clinical trials for the treatment of bipolar disorder. Figure 2 Effects of lithium and valproate on b-catenin mRNA levels in rat cortex. Rats were treated for 9 days with control, lithium, or valproate chows. Total mRNA was extracted from frontal cortex, and the b-catenin mRNA levels quantified with real-time PCR. The values represent levels of b-catenin mRNA in drug treated rats as a percentage of b-catenin mRNA in control chow treated animals. ANOVA revealed that there was a significant difference among the groups (po0.0001). Student-NewmanKeuls post hoc analysis revealed that treatment with lithium chow resulted in a significant decrease in b-catenin mRNA levels in the frontal cortex of 9-day treated animals compared to rats treated with either control or valproate chow (po0.001). Valproate treatment resulted in no significant change in b-catenin mRNA levels compared to control chow treated rats. ***po0.001.
